The 1995 revision of the International Geomagnetic Reference Field (IGRF) comprises a definitive main-field model for 1990.0, a main-field model for 1995.0, as well as a prediction secular-variation model for the period 1995-2000. The proposed main-field models have been evaluated by comparing them with results of magnetic surveys conducted by the Hermanus Magnetic Observatory over the Southern African sub-continent, including countries like South Africa, Namibia, Botswana, and Zimbabwe. The secular-variation models on the other hand have been compared with secular variation estimates based on rates of change as observed at the various field stations during 1990-1995.
Introduction
Several models have been submitted as candidates for the 1995 revision of the IGRF by the IAGA Working Group V-8. NASA's Goddard Space Flight Center submitted two main-field models, called GS-90 and GS-95 respectively. Following Langel et al. (1982) , these models have been derived after inclusion of observatory biases, or anomalies as solution parameters to mitigate the effects of crustal fields.
The Institute of Terrestrial Magnetism, Ionospheric and Radio Wave Propagation (IZMIRAN) submitted two main-field geomagnetic models for epochs 1990 and 1995, called IZ-90 and IZ-95 respectively, as well as a secular variation model for the time interval 1995-2000, which we will call IZSV-95 for identification purposes. These models are based on the development of a global spatialtemporal model covering a 30-year interval in which IGRF models are included as natural components for the chosen epochs. The models submitted jointly by the British Geological Survey (BGS) and the US Naval Oceanographic Office (USNOO) included two main-field models for epochs 1990 and 1995, called UB-90 and UB-95 respectively, as well as a secular-variation model for 1995 to 2000, to be called UBSV-95. While BGS was responsible for the secular-variation models which were used to reduce the main-field data to common epochs, the task of USNOO was to process the main-field data, consisting of POGS scalar magnetic data and Project MAGNET vector aeromagnetic measurements. This paper represents an evaluation of these models over Southern Africa.
Method of Evaluation
During 1990 and 1995 the Hermanus Magnetic Observatory conducted field surveys over the Southern African sub-continent at about 75 field stations marked by concrete beacons, ensuring that all observation points are exactly re-occupied during surveys on a regular five-year interval. A map showing the station distribution over Southern Africa can be seen in Fig. 1 . In addition to Hermanus, continuous digital recordings are also done at two other magnetic observatories, Hartebeesthoek and Tsumeb (Namibia). The procedures followed to reduce field station data to 1990.0 and 1995.0, have been described by Kotze (1992) . In order to evaluate and compare the 1995 secular variation models, the observed secular variation for 1990-1995 at each field station has been compared with the predicted secular variation pattern. The accuracy of this evaluation depends however on the assumption that the secular variation pattern changes linearly between surveys. A plot of annual mean F, H, D, and Z values as observed at Hermanus between 1985 and 1995 can be seen in Fig. 2 , showing that a linear extrapolation to the year 2000 is clearly justified. For the main-field models, values for F, H, D, and Z were calculated for each field station and compared with measured data. RMS differences (model-observation) are presented graphically, while all other statistics are presented in tabular form.
Results

Candidate models for 1990
Results of the comparisons between calculated and measured main-field components are summarized in Table 1 . All candidate models slightly overestimate the F and H components, whereas all models underestimate the value of Z. Although the GS-90 model underestimates D, it provides the most accurate description of this component. From a RMS point of view, the IZ-90 model provides a slightly better description for F, H, and Z (Fig. 3) over the Southern African region. No one single model is however superior to the others for all components. The agreement between the various candidate models is quite close, and all models seem to describe the field station measurements rather well.
Candidate models for 1995
The three main-field candidate models for epoch 1995 were each compared with the 1995 field survey data set of the Hermanus Magnetic Observatory. The statistics for each main-field component of this comparison can be seen in Table 2 , with RMS differences shown in Fig. 4 . An interesting point to note is that the RMS differences forD are slightly larger than in 1990. An equality of variance test (F-test) revealed that these differences are statistically significant. For the GS-95 model it is noticeable in all four components. This can probably be ascribed to the fact that the Southern African field survey data have not been available at the time when these candidate models have been compiled. It is also to be noted that no single model is superior to the other with the UB-95 model to be preferred for D and the IZ-95 model for F, H, and Z. 
Secular variation models for 1995-2000
The two candidate secular variation models, called UBSV-95 and IZSV-95 respectively, were compared with the observed secular variation pattern for the period 1990-1995, assuming the same behavior at all field stations for 1995-2000. Statistics for the differences between model and measurement for D, F, H and Z are summarized in Table 3 . Both models underestimate the secular variation behaviour for D, F and H components, but in the case of Z an overestimation by nearly 6 nT/yr can be detected. Based on RMS differences (Fig. 5) the IZSV-95 model is to be preferred forD, F, and H, whereas for the vertical component the UBSV-95 model provides the closest approximation with observation. Although the UB-90 model has the largest offset for D (5.9 min.) when compared with 1990 field measurements, the UB-95 model gives the best fit forD in 1995 over this region. For epoch 1995 however, the exception is the Goddard Space Flight Center model, GS-95, showing the least satisfactory fits to the data, both in terms of RMS values and mean deviations.
For the secular variation, both the IZMIRAN and BGS/USNOO models compare favourably with each other, with both models underestimating the annual change in D, F, and H, but overestimating the change in Z.
The overall good agreement between observations and model results for Southern Africa can be attributed to the inclusion of Hermanus, Tsumeb, and Hartebeesthoek data in the derivation of all global field models. The slight deterioration in agreement between model and measurement from 1990 to 1995 can possibly be due to the fact that the 1995 Southern African survey data were not included in the IGRF95 models.
